Abstract
Type 2 diabetes mellitus (T2DM)
Type 2 diabetes mellitus is a metabolic disorder characterized by glucose intolerance and insulin resistance leading to hyperglycemia. Type 2 diabetes mellitus (T2DM) is a global epidemic with an estimated worldwide prevalence of 6% (246 million people) in 2007, and forecast to rise to 7.3% (380 million) by 2025. The health, social, and economic burden is great [1, 2] ; consequently, T2DM presents a major challenge to healthcare systems around the world. T2DM is a complex disorder in which the interaction between environmental and genetic factors results in the development of insulin resistance and β-cell dysfunction [3, 4] . The development of insulin resistance precedes the onset of T2DM by many years [5] and is influenced by many factors including puberty, ageing, pregnancy, physical activity and oral intake [5 -9] . Obesity is the single most important contributor to insulin resistance [9] modulating insulin sensitivity via multiple factors including imbalance of hormones (leptin and adiponectin), cytokines (tumour necrosis factor-α, interleukin-6), suppressors of cytokine signalling (SOCS), inflammatory signalling pathways (nuclear factor-KB and IKB Kinase) and retinol binding protein-4 [10 -13] . The most crucial factor relating obesity to insulin resistance is thought to be the release of nonesterified fatty acids (NEFAs) particularly from intra-abdominal fat. Increased NEFAs result in increased ISSN: 2519-500X intracellular diacylglycerol and fatty acyl-co A., which result in phosphorylation of insulin-receptor substrate -1 (IRS-1) and insulin-receptor substrate (IRS-2); this in turn diminishes downstream events of the insulin receptor signalling resulting in insulin resistance [14] . Despite obesity being the single most important contributor to IR; most obese insulin-resistant individuals do not develop T2DM [15] because their β-cells are capable of producing significantly elevated levels of insulin to maintain glycaemic control [16 -18] . Hence, the failure of β-cells to secrete sufficient insulin to overcome insulin resistance (i.e., β-cell dysfunction) is the crucial step in the development and progression of T2DM [19, 20] . The reason for the decline in β-cell function is not entirely clear, but appears to involve hyperglycaemia per se, together with excessive production of NEFAs, amyloid formation and genetic factors [21 -24] . In addition to β-cell dysfunction, patients with T2DM have pancreatic α-cell dysfunction manifesting as elevated (or non-suppression of) glucagon secretion in the presence of hyperglycemia [25] .
Obesity has been strongly linked with type 2 DM, and nearly 90% of individuals with diabetes have overweight or obesity [26] . Sugar consumption is one of the common suspected culprits for the rise in obesity and may contribute to the development of type 2 DM [27] . Consequently, artificial sweeteners are commonly consumed by individuals with obesity and type 2 diabetes as they are thought to lower the caloric content and blood glucose response. However, recent studies have proven that, use of artificial sweeteners may also increase weight gain over time [28] , and may promote glucose intolerance through the altered function and composition of intestinal microbiota [29] .
Complications of diabetes
Chronic hyperglycemia causes many of the major complications of diabetes, including nephropathy, retinopathy, neuropathy, macro and microvascular damage. The risk for microvascular and neuropathic complications is related to both duration of diabetes and the severity of hyperglycemia [30] . In particular, diabetes increases the risk of microvessel disease [31, 32] . As a result, serious conditions such as retinopathy, neuropathy and nephropathy are frequently encountered among patients with diabetes. Diabetic retinopathy is estimated to account for 5% of all cases of blindness globally [33] and up to 50% of patients receiving renal replacement therapy have diabetic nephropathy [34] . Diabetic peripheral neuropathy (DPN) is associated with considerable morbidity, mortality and diminished quality of life and affects up to 50% of people with diabetes [35] . Hyperglycemia is a pre-requisite for the development of diabetic complications and in chronic diabetes, hyperglycemia instigates activations of hexosamine biosynthetic pathway, sorbitol-aldose reductase pathway [36] , mitogen activated protein kinases (MAPKs) [37] and protein kinase C [38] . Further, hyperglycemia increases the expression of growth factors and cytokines such as transforming growth factor-β (TGF-β), vascular endothelial growth factor (VEGF), platelet-derived growth factor, insulin-like growth factor (IGF) and tumor necrosis factor-α (TNF-α). Reactive oxygen species (ROS) are important arbitrator factors involved in all these events [39, 40] and activate intracellular signal transduction and transcription cascades, in which MAPKs and nuclear factor kappa B (NF-kB) play the most significant roles [41, 42] and damage proteins, lipids, and nucleic acids by oxidation (Fig. 1) . Clinical studies have demonstrated that chronic diabetic complications occur late after disease onset, reflecting structural abnormalities in nerves, kidney, retina and blood vessels, with the appearance strongly correlated with the duration of the diabetes and the level of glycemic control [43] . Large clinical trials have demonstrated that normalization of glycemia can greatly reduce the incidence of diabetic complications. However, in clinical practice, normalizing blood glucose is not a trivial task and almost 50% of diabetic subjects fail to reach the recommended target of an HbA1c lower than 7% [44] . Based on the present perceptive of pathophysiology of diabetes mellitus, plentiful pharmacological and non pharmacological interventions have been employed in the previous 50 years in order to treat hyperglycemia and interrupt the progression of disease. However, most of the observed initial improvements in hyperglycemia are not constant because of the progressive nature of disease [45] . These pharmacotherapies also have undesired side effects, such as hypoglycemia, weight gain, gastrointestinal symptoms and peripheral edema, variable effects on β-cell function and decline [46, 47] . 
Current treatment options for diabetes
Based on the current understanding of the pathophysiology of T2DM, multiple pharmacological and non-pharmacological interventions have been developed over the past five decades with the aim of improving glycaemic control and hopefully slowing disease progression. Treatment modalities include lifestyle modifications, treatment of obesity, oral hypoglycemic agents, and insulin sensitizers like metformin, a biguanide that reduces insulin resistance, is still the recommended first line medication especially for obese patients. Other effective medications include non-sulfonylurea secretagogues, thiazolidinediones, alpha glucosidase inhibitors, and insulin. Recent research into the pathophysiology of type 2 DM has led to the introduction of new medications like glucagon like peptide 1 analogoues: dipeptidyl peptidase-IV inhibitors, inhibitors of the sodium-glucose cotransporter 2 and 11s-hydroxysteroid dehydrogenase 1, insulin-releasing glucokinase activators and pancreatic-G-proteincoupled fatty-acid-receptor agonists, glucagon-receptor antagonists, metabolic inhibitors of hepatic glucose output and quick-release bromocriptine. Inhaled insulin was licensed for use in 2006 but has been withdrawn from the market because of low patronage. These treatments may also have undesired side effects, such as hypoglycemia, weight gain, gastrointestinal symptoms and peripheral oedema, in addition to variable effects on β-cell function and decline [46, 47] . Hence, interventions that can slow and/or reverse β-cell decline, which result in weight loss (or at least cause no weight gain) and have low risk of hypoglycemia, might be expected to have an important impact in patients with T2DM. Incretin-based therapies are a new class of antidiabetic medication that may address some of the abovementioned shortfalls of current treatments. In addition, other therapies are in development with the potential to address some of the disadvantages of currently available treatments. 
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Role of artificial sweeteners in development of type 2 DM
There are five artificial sweeteners currently ruling the arena of food processing, which include saccharin, neotame, acesulfame potassium, aspartame, and sucralose. Of the five main artificial sweeteners, sucralose and aspartame are the most pervasive and dangerous substitutes found in products on store shelves today. All these artificial sweeteners are marketed under the names of Splenda, Equal and NutraSweet and there are many everyday eatable products such as yogurt, sodas, pudding, tablets, chewing gum, bread, etc consist of these artificial sweeteners.
Many accumulating evidence suggests that frequent consumption of these sugar substitutes may increase risk of excessive weight gain, metabolic syndrome, type 2 diabetes, and cardiovascular disease. [48, 49] . Significant risk of weight gain, obesity, increased body mass index (BMI) and increased body fat percentage in males and females after consumption of artificial sweeteners containing food products was observed in few recent studies [50, 51] . Several large-scale studies, including the National Health and Nutrition Examination Survey (NHANES) and the San Antonio Heart study, have shown a associations between artificial sweetener intake and incidence of the metabolic syndrome and its components, including waist circumference, blood pressure, and fasting blood glucose [52, 53] . Recent studies conducted in adults have demonstrated the link between artificial sweetener consumption and insulin resistance, incidence of type 2 diabetes, and poor glucose control in patients with pre-existing diabetes [54] . In the European E3N study and the Health Professionals Follow-up (HPFS) [55] risk for type two diabetes was more than doubled for participants in the highest quartile of artificial sweeteners consumption compared with non-consumers. Most recently, data from the European Prospective Investigation into Cancer and Nutrition (EPIC) has also indicated that risk for type two diabetes was elevated in those consuming at least one artificial sweetener per day [56] . A study conducted by Pepino et al. (2013) [57] and [58] demonstrates a deleterious effect increasing glucose concentrations in subjects with a high degree of obesity after an acute and a 7-day exposure to sucralose and saccharin, respectively.
Mechanism of artificial sweeteners in development of diabetes
Several mechanisms have been proposed to account for the association between artificial sweetener use and diabetes. Recent research have provided convincing evidence that artificial sweeteners play an active role in the gastrointestinal tract, thus providing a mechanistic explanation for observed metabolic effects. Sweet-taste receptors, including the taste receptor T1R family and α-gustducin, respond to artificial sweeteners [59, 60] . In both humans and animals, these receptors have been situated in gastrointestinal tract and glucagon-like peptide-1 (GLP-1) [61] . Consumption of artificial sweeteners containg products along with normal day to day food products resulting in stimulation of taste receptors in GI tract and secretion of more amount of GLP-1 [62] . This could lead to more and rapid absorption food materials from intestine into the blood stream and as well as increase GLP-1 stimulates insulin, which enhances the glucose absorption by cells and eventually it lead to weight gain and central visceral adiposity. Many previous studies revealed the crucial role of adiposity in the pathogenesis of type 2 diabetes.
